Cardiovascular disease remains the leading cause of death for women,[@b1] and considerable attention has been paid to understanding sex-based differences in coronary heart disease. Although mortality rates for acute myocardial infarction (AMI) have declined for both men and women,[@b2] studies have reported a significant sex--age interaction and short-term mortality such that women aged \<75 years were most likely to die after an AMI.[@b3]--[@b6] Women presenting with signs and symptoms of AMI continue to experience disparities in evidence-based treatment strategies, including delayed reperfusion times, and more procedural complications.[@b7]--[@b9] Similarly, although strides have been made in narrowing the differences in AMI management by race and ethnicity,[@b10],[@b11] it remains unclear if these efforts have translated to improved outcomes for diverse minority groups in the United States. Most studies exploring cardiovascular disease disparities have focused exclusively on black--white differences, and less is known about patterns of care and outcomes for Hispanic patients, one of the fastest growing segments of the US population.[@b8] We evaluated whether the reported sex--age mortality interaction was influenced by patient race (black or white) and ethnicity (Hispanic or non-Hispanic). We also explored how AMI hospitalizations and treatment patterns differed by race/ethnicity in a contemporary patient cohort.

Methods
=======

We used 2009 and 2010 combined data from the Nationwide Inpatient Sample (NIS), a database developed as part of the Healthcare Cost and Utilization Project (HCUP) sponsored by the Agency for Healthcare Research and Quality (AHRQ). NIS data aim to measure utilization, hospitalizations, and length of stay (LOS) by populations with a given discharge diagnosis. It is designed to approximate a stratified 20% sample of all nonfederal, general, and specialty hospitals serving adults in the United States.[@b9] Importantly, NIS hospitalization data have all payer information, including Medicaid and other nonfederal payers. The sampling frame includes ≈90% of discharges from US hospitals and selects hospitals within states that have state inpatient databases according to defined strata based on ownership, bed size, teaching status, urban/rural location, and region. Detailed information on HCUP and NIS is available online (<http://www.hcup-us.ahrq.gov>). We excluded patients with missing information on race/ethnicity (13.2%, n=1 708 180) or sex (0.11%, n=14 600) and further restricted the study sample to patients who were aged ≥18 years, reported as white or black race or Hispanic ethnicity, discharged from a short-term care hospital, and had LOS \<30 days.

Our main outcomes were AMI hospitalizations, patterns of care, and in-hospital mortality stratified by age. Younger patients were defined as aged \<65 years, and older patients were defined as aged ≥65 years. The NIS database provides up to 25 diagnoses for each discharge record. AMI hospitalizations were defined as a discharge from an acute care hospital for a principal discharge diagnosis of AMI (*International Classification of Diseases, 9th revision, clinical modification* \[ICD-9-CM\] code 410.xx) from January 1, 2009, to December 31, 2010, across the 42 states available in the HCUP data. Prior research has found that the diagnosis of AMI using the ICD-9-CM codes has a specificity of 99.5% with a sensitivity of 72.4%, a negative predictive value of 96.1%, and a positive predictive value of 95.9%.[@b12] AMI in-hospital mortality was defined as all-cause death during an index AMI hospitalization. The pattern of care included LOS and in-hospital procedures defined as in-hospital coronary angiography (ICD-9-CM codes 8850, 8853, 8858, 3722, and 3723), percutaneous coronary intervention (PCI; ICD-9-CM codes 3601, 3602, 3605, 3606, 3607, 0066), or coronary artery bypass grafting (CABG; ICD-9-CM codes 3610 to 3616). All outcomes were calculated for the 2 age groups of interest (18 to 64 or ≥65 years), by sex (female or male), and by race/ethnicity (white, black, and Hispanic). Specifically, we defined 6 sex--race subgroups: black men, black women, white men, white women, Hispanic men, and Hispanic women. This approach allowed us to account for the positive interaction between race and sex. Patient demographics and comorbidities included age, sex, history of heart failure, prior AMI, diabetes, hypertension, chronic obstructive pulmonary disease, depression, liver disease, peripheral vascular disease, renal failure, and/or metastatic cancer. Pertinent comorbidities were defined by the AHRQ definitions and then extracted from the HCUP data sets (<http://www.hcup-us.ahrq.gov/toolssoftware/comorbidity/comorbidity.jsp>). The software uses a comorbidity indexed developed by Elixhauser et al for the use of large administrative data based on diagnosis-related group and ICD-9 codes for secondary diagnosis that was found to predict in-hospital mortality, costs, and LOS. These comorbidity indicators were entered as dummy indicators in the our regression models and included age, sex, history of heart failure, diabetes (complicated and uncomplicated), hypertension, chronic obstructive pulmonary disease, pulmonary circulation disorders, depression, liver disease, peripheral vascular disease, renal failure, rheumatologic disorders, hypothyroidism, neurological disorders, weight loss, cancer, anemia, substance abuse, and coagulopathies.[@b13]

Statistical Analysis
--------------------

We conducted bivariate analysis to evaluate the sex--race differences in patient characteristics and outcomes. We used the chi-square test to compare dichotomous and categorical variables and the Cuzick nonparametric test for continuous variables. We fitted a mixed-effects model with a logit link function and hospital-specific random intercepts to evaluate racial/ethnic disparities in AMI hospitalizations, adjusting for patient age and comorbidities. We included 5 dummy variables (white female, black male, black female, Hispanic male, and Hispanic female) in the model and used the white male subgroup as a reference. We fitted the same model for in-hospital procedures and mortality. Tests of significance were 2-sided at a significance level of 0.05. All analyses were conducted using SAS 64-bit version 9.3 (SAS Institute Inc). Institutional review board approval was obtained through the Brigham and Women's Hospital Human Investigation Committee. Patient confidentiality was protected through a data use agreement with AHRQ.

Results
=======

AMI Hospitalizations
--------------------

The study population consisted of 10 567 625 all-cause hospitalizations, of which 194 071 (1.84%) were AMI in the HCUP database from 2009 to 2010 with available race/ethnicity data. Approximately 57% of AMI patients were aged ≥65 years. There was remarkable variation in the AMI hospitalization rate across the 6 race--sex subgroups. Compared with white men aged \<65 years, the odds ratios (ORs) of AMI hospitalizations adjusted for age and comorbidities were 0.36 (95% CI 0.35 to 0.36), 0.53 (95% CI 0.51 to 0.55), 0.28 (95% CI 0.27 to 0.29), 0.79 (95% CI 0.77 to 0.82), and 0.23 (95% CI 0.22 to 0.24) for white women, black men, black women, Hispanic men, and Hispanic women, respectively. Similarly, compared with white men aged ≥65 years, the ORs of AMI hospitalizations adjusted for age and comorbidities were 0.75 (95% CI 0.74 to 0.76), 0.64 (95% CI 0.62 to 0.64), 0.57 (95% CI 0.55 to 0.58), 0.93 (95% CI 0.91 to 0.96), and 0.63 (95% CI 0.61 to 0.66) for white women, black men, black women, Hispanic men, and Hispanic women, respectively.

Significant variations in patient age and comorbidities were also observed among patients hospitalized for AMI across the 6 race--gender subgroups (Tables[1](#tbl1){ref-type="table"} and [2](#tbl2){ref-type="table"}). There were 9926 AMI hospitalizations for black women and 5482 for Hispanic women. Both black and Hispanic women were significantly younger at time of index hospitalization for AMI compared with their white counterparts (mean age 65.9 \[SD 14.2\] and 68.6 \[SD 14.2\] years compared with 72.9 \[14.2\] years for white women, *P*\<0.001). Table[1](#tbl1){ref-type="table"} describes the characteristics of hospitalizations for adults aged \<65 years. Younger women hospitalized for AMI had more comorbidities than their male counterparts, with higher rates of comorbid disease among minority women. Younger Hispanic women had the highest prevalence of diabetes at 55.9% compared with 46.1% of black women and 35.9% of white women (*P*\<0.001). Similarly, Hispanic women were more likely to suffer from hypertension and chronic kidney disease compared with both their male counterparts and non-Hispanic white women. Younger black women similarly had a higher prevalence of heart failure, hypertension, and chronic kidney disease compared with white women. The differences in comorbidities were less pronounced among adults hospitalized for AMI who were aged \>65 years (Table[2](#tbl2){ref-type="table"}).

###### 

Characteristics of AMI Hospitalizations by Race/Ethnicity and Sex (Age \<65 Years)

                           Age \<65 Years                                                                    
  ------------------------ ---------------- ------------ ------------ ------------ ------------ ------------ ---------
  Age, y (mean, SD)        54.5 (7.6)       53.8 (7.5)   52.9 (8.1)   52.1 (8.3)   53.8 (7.9)   52.5 (8.1)   
  Heart failure            19.5             14.2         26.4         23.4         22.6         18.7         \<0.001
  Diabetes                 35.9             26.8         46.1         34.2         55.9         43.0         \<0.001
  Hypertension             62.8             61.4         78.4         74.5         70.8         66.3         \<0.001
  Chronic kidney disease   9.5              7.0          20.0         19.2         18.8         12.4         \<0.001
  COPD                     24.6             15.0         20.2         12.2         14.8         9.4          \<0.001
  Obesity                  22.3             16.3         25.7         12.1         21.3         14.6         \<0.001
  PVD                      8.9              6.8          9.5          8.1          8.4          4.9          \<0.001
  Prior AMI                1.4              1.3          1.7          1.7          1.1          1.0          0.01
  LOS, days (mean, SD)     4.0 (3.8)        3.8 (3.6)    4.6 (4.1)    4.3 (4.9)    4.7 (4.4)    4.3 (4.0)    \<0.001

Data are shown as percentage except as indicated. AMI indicates acute myocardial infarction; COPD, chronic obstructive pulmonary disease; LOS, length of stay; PVD, peripheral vascular disease.

###### 

Characteristics of AMI Hospitalizations by Race/Ethnicity and Sex (Age ≥65 Years)

                         Age ≥65 Years                                                                    
  ---------------------- --------------- ------------ ------------ ------------ ------------ ------------ ---------
  Age, y (mean, SD)      80.2 (8.5)      76.8 (7.9)   77.7 (8.4)   74.8 (7.5)   77.8 (8.1)   75.4 (7.5)   
  Heart failure          43.2            36.1         45.1         42.1         42.8         38.9         \<0.001
  Diabetes               32.3            34.7         49.8         42.6         53.2         49.8         \<0.001
  Hypertension           72.9            69.8         80.2         78.2         77.6         74.5         \<0.001
  CKD                    21.3            25.0         34.5         38.9         24.8         29.7         \<0.001
  COPD                   24.3            23.0         18.8         23.0         19.6         19.7         \<0.001
  Obesity                8.3             8.0          11.4         6.0          11.1         7.9          \<0.001
  PVD                    13.5            15.5         16.0         15.9         13.4         15.2         \<0.001
  Prior AMI              1.4             1.3          1.7          1.6          1.2          1.3          0.05
  LOS, days (mean, SD)   4.9 (4.2)       4.0 (3.8)    5.7 (4.6)    4.3 (3.9)    5.5 (4.7)    4.3 (4.0)    \<0.001

Data are shown as percentage except as indicated. AMI indicates acute myocardial infarction; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; LOS, length of stay; PVD, peripheral vascular disease.

On average, younger Hispanic and black women had longer LOS (4.6 and 4.7 days, respectively) compared with younger white men (3.8 days). Similarly, women aged \>65 years had longer LOS compared with their male counterparts.

In-Hospital Procedures
----------------------

Table[3](#tbl3){ref-type="table"} outlines the procedure rates (cardiac catheterization with or without intervention, PCI, or CABG) by race/ethnicity and age group for patients during an index hospitalization for AMI. Younger patients were more likely to undergo invasive procedures compared with older adults. Overall, 47.7% of black women, 50.1% of Hispanic women, and 58.0% of white women underwent PCI or CABG during index hospitalization compared with 73.3% of white men. Figure[1](#fig01){ref-type="fig"} shows the ORs adjusted for age and comorbidities for patients undergoing PCI or CABG. All racial/ethnic groups had lower risk-adjusted odds of an invasive procedure for AMI compared with white men within the same age category. Younger black women had significantly lower odds of undergoing PCI or CABG (OR 0.39, 95% CI 0.37 to 0.42), followed by younger Hispanic women (OR 0.41, 95% CI 0.38 to 0.45) and white women (OR 0.55, 95% CI 0.53 to 0.58), compared with white men. The pattern was similar for older women and nonwhite men (Figure[1](#fig01){ref-type="fig"}).

###### 

Receipt of Coronary Angiography, PCI, or CABG by Race/Ethnicity During Index Hospitalization for AMI

                   White   Black   Hispanic                        
  ---------------- ------- ------- ---------- ------ ------ ------ ---------
  Age \<65 Years                                                   
   Angiography     75.2    79.3    68.3       70.1   69.8   76.1   \<0.001
   PCI             51.1    63.9    41.5       49.6   41.7   58.0   \<0.001
   CABG            8.0     10.9    6.5        7.3    9.3    11.5   \<0.001
  Age ≥65 Years                                                    
   Angiography     45.8    56.3    43.0       50.8   50.9   57.7   \<0.001
   PCI             29.2    38.0    23.5       31.8   28.7   36.9   \<0.001
   CABG            5.0     9.9     4.4        7.0    6.3    10.5   \<0.001

Data are shown as percentage except as indicated. AMI indicates acute myocardial infarction; CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention.

![Multivariable risk-adjusted odds ratios of CABG or PCI by race/ethnicity, sex, and age. The figure depicts the adjusted odds ratios for CABG and/or PCI during an index hospitalization by sex, race/ethnicity, and age group. Comorbidities defined by Agency for Healthcare Research and Quality definitions and then extracted from the Healthcare Cost and Utilization Project data sets included the following conditions: neurological disorders, congestive heart failure, hypertension, metastatic cancer, chronic anemia, fluid and electrolyte disorders, coagulopathy, renal failure, paralysis, pulmonary circulation disorders, substance abuse, valvular disease, drug abuse, peripheral vascular disorders, hypothyroidism, obesity, and psychiatric illness. CABG indicates coronary artery bypass surgery; PCI, percutaneous coronary intervention; ref, reference.](jah30004-e002089-f1){#fig01}

In-Hospital Mortality
---------------------

The unadjusted mortality rates by age group and racial/ethnic group are shown in Figure[2](#fig02){ref-type="fig"}. Older white women had the highest in-hospital mortality rate for AMI at 8.0%. Younger Hispanic women experienced overall higher in-hospital mortality at 3.7% compared with 3.1% for black women and 2.5% for white women. Men experienced slightly lower mortality for all groups. Figure[3](#fig03){ref-type="fig"} shows the ORs for in-hospital mortality adjusted for age and comorbidities with white men as the reference group. Younger Hispanic, black, and white women were 1.5, 1.4, and 1.2 times more likely, respectively, to experience higher in-hospital mortality compared with younger white men, although this finding was statistically significant only for Hispanic women (Figure[3](#fig03){ref-type="fig"}). This pattern was not observed for older Hispanic women.

![Unadjusted in-hospital mortality by sex, race/ethnicity, and age. Unadjusted in-hospital mortality rates by sex, race/ethnicity, and age group during an index hospitalization for acute myocardial infarction.](jah30004-e002089-f2){#fig02}

![Multivariable risk-adjusted odds ratios of in-hospital mortality by race/ethnicity, sex, and age. The figure depicts the risk-adjusted odds ratios for in-hospital mortality following an index admission for an acute myocardial infarction by sex, race/ethnicity, and age group. Comorbidities defined by Agency for Healthcare Research and Quality definitions and then extracted from the Healthcare Cost and Utilization Project data sets included the following conditions: neurological disorders, congestive heart failure, hypertension, metastatic cancer, chronic anemia, fluid and electrolyte disorders, coagulopathy, renal failure, paralysis, pulmonary circulation disorders, substance abuse, valvular disease, drug abuse, peripheral vascular disorders, hypothyroidism, obesity, and psychiatric illness. This was further adjusted for in-hospital procedures (coronary angiography, percutaneous coronary angiography, or cardiac bypass surgery) as well as length of stay. Ref indicates reference.](jah30004-e002089-f3){#fig03}

Discussion
==========

Using 2009--2010 data from a large inpatient sample, we found that younger Hispanic women had higher in-hospital mortality rates for AMI compared with their male counterparts. In addition, we found that persistent disparities exist by race, ethnicity, and sex in the rates of cardiac procedures performed, with women and minorities being much less likely to receive coronary angiography, PCI, or CABG during an index admission for AMI. There were also significant racial/ethnic differences in comorbid conditions, with a high prevalence of comorbidities particularly among young minority women.

Our finding that, after adjustment for comorbidities, younger Hispanic women were more likely to experience in-hospital mortality is noteworthy. Many studies have focused exclusively on black--white differences in cardiovascular disease disparities because Hispanic patients have been underrepresented in clinical trials focusing on AMI. Using data from the New York State Department of Health Statewide Planning and Research Cooperate System (SPARCS), a study showed that Hispanic participants experienced lower in-hospital mortality compared with both white and black participants, but the study sample consisted only of older Hispanic adults in New York City.[@b14] We found no differences in mortality among those aged \>65 years in a nationally representative data set. Several other studies have found that Hispanic patients presenting with AMI are younger, have more metabolic risk factors, and experience longer door-to-balloon times compared with non-Hispanic white patients.[@b15]--[@b18] These differences, however, have not necessarily translated to worse outcomes following acute coronary syndromes in prior studies.[@b17],[@b19]

Our study is complementary to other studies that have reported a sex--age interaction for AMI short-term mortality, for which younger women experience higher mortality compared with men.[@b4],[@b6],[@b9],[@b20],[@b21] The persistence of this sex--age interaction for AMI is not attributable to the many demographic and clinical comorbidities included in our multivariable regression models and risk adjustment methods. There are several possible explanations. First, there is under-recognition of ischemic symptoms for women, particularly young and minority women, despite national efforts to improve awareness.[@b22]--[@b24] Second, women have been shown to present more often with atypical symptoms than men.[@b25],[@b26] These factors may be exacerbated by additional barriers to care faced by Hispanic women including limited English proficiency, lack of regular access to care, and distrust of the medical system.[@b27] Third, the likelihood that the pathophysiology of coronary heart disease is different with microvascular disease predominance contributes to our findings. A recent study from the Women's Ischemia Syndrome Evaluation (WISE) study group found that, even in the absence of obstructive coronary artery disease, women presenting with ischemic symptoms experienced adverse long-term cardiovascular outcomes.[@b28] Nonobstructive coronary disease, as measured by an angiographic severity score, was associated with linear increases in cardiovascular death or myocardial infarction with rates of 6.7%, 12.8%, and 25.9% for no, nonobstructive, and obstructive coronary artery disease, respectively.

Similar to other studies dating back 2 decades,[@b10],[@b15],[@b29]--[@b34] we found a disparity in the rate of cardiac procedures and outcomes by race/ethnicity and sex. We found that black and Hispanic women, in both older and younger age groups, were less likely to undergo invasive procedures during an index hospitalization for AMI compared with both white women and men. Studies that have examined both sex and race have consistently found less aggressive management of coronary disease for black women,[@b10],[@b29],[@b35] but data for Hispanic women are limited. Reasons for this disparity are complex, and some studies have suggested not only underuse of revascularization for minorities and women but also overuse among white men.[@b31],[@b36],[@b37] It is also possible that patient preferences, eligibility for treatment, and other unmeasured characteristics partly account for this disparity, but significant racial/ethnic differences in preferences for other invasive procedures have not been found.[@b38] Differences in institutional quality and availability of services may also play a role in these disparities. Finally, as seen in our study, younger Hispanic women experience a high burden of comorbid disease with a high prevalence of diabetes and cardiometabolic risks that may make them particularly high risk for both revascularization and unfavorable outcomes.

Our study has several strengths. First, we used contemporary data that included patients of all ages and all payers, a major limitation of prior studies was that they were limited to Medicare data. Second, our study not only compared black--white disparities but also included an in-depth study of AMI patterns of cares and outcomes in Hispanic patients, an important and growing population in the United States that has traditionally been understudied. Finally, our study included a large sample of both black and Hispanic patients hospitalized for AMI across the United States, allowing for meaningful comparisons both between and within racial and ethnic groups.

There are several limitations to our study. First, the data are administrative, which limits our ability to adjust for important clinical characteristics such as ejection fraction, distinction between ST-elevation myocardial infarction and non--ST-elevation myocardial infarction, and medication use and thus may affect our findings. Similar to other studies based on large administrative data sets, we were unable to fully account for the appropriateness of cardiac interventions of angioplasty, PCI, or CABG or detailed patient-level characteristics; however, our findings are consistent and complementary to prior studies. Furthermore, not all states report race and ethnicity information, limiting the full generalizability for our findings. Because we used ICD-9-CM coding to define AMI hospitalizations, it is possible that coding errors may over- or underreport true AMI hospitalization rates and outcomes. Finally, due to the administrative nature of the data, we were unable to disaggregate Hispanic patients into subgroups that have demonstrated significant heterogeneity in cardiovascular risk by country of origin and acculturation metrics.[@b39] Future studies should collect disaggregated data for this important and growing US demographic group.

In conclusion, our study highlights striking and persistent racial/ethnic, sex, and age disparities in AMI treatment and mortality in a contemporary inpatient cohort. Although younger Hispanic women were less likely to be hospitalized for AMI, once they were hospitalized for an AMI, they were less likely to undergo invasive procedures and more likely to experience in-hospital mortality. Understanding why these disparities exist is important for developing targeted interventions. Future studies exploring ischemia pathogenesis, presentation, and outcomes in diverse populations are necessary to ultimately eliminate these observed disparities.

Disclosures
===========

Dr Foody has received funding for this work through the Linda Joy Pollin Cardiovascular Wellness Center at Brigham and Women's Hospital. Drs Rodriguez, Lopez, and Wang have no conflicts to declare. Dr López thanks the Robert Wood Johnson Foundation Harold Amos Faculty Development Program and NIDDK 1K23DK098280-01.
